Aim: To evaluate the clinical and radiographic outcomes and the survival rates of fiber-reinforced composite resin-bonded fixed prostheses (FRCRBFDPs) placed in the posterior area supported by two short (6 mm) implants. 
In cases of severe vertical bone resorption, where the volume of the alveolar bone crest prevents the placement of standard size implants, the use of short dental implants may be considered as an alternative treatment.
This option may avoid the use of more complex surgeries, such as bone augmentation with or without bone grafting or maxillary sinus floor elevation, procedures that include additional time and costs and higher risks for complications (Renouard & Nisand 2006; Rossi et al. 2010; Sun et al. 2011; Annibali et al. 2012; Srinivasan et al. 2014) .
A recent review reported similar implant survival rates for short implants and implants associated with vertical ridge augmentation in the posterior mandible (Nisand et al. 2015) .
The length of an implant to be defined as short is unclear yet. Different suggestions have been provided defining "short implants" at a length of ≤10 mm (Mezzomo et al. 2013) , ≤8 mm (Renouard & Nisand 2006) or ≤6 mm (Rossi et al. 2010 (Rossi et al. , 2015 .
A systematic review (Renouard & Nisand 2006 ) explored the survival rates of short implants after a mean follow-up of 3-4 years. In this review, the reports on real short implants of 6 mm length encompassed 253 (ten Bruggenkate et al. 1998 ) and 168 (Griffin & Cheung 2004) 6-mm implants. In the mandible, the survivals after 3 years were 99.5% and 100%, respectively, while in the maxilla, the corresponding values were 86.7% and 100%, respectively. More recently, short implants have been reported to have a similar survival rate compared to standard implants over 5 years (Sun et al. 2011; Rossi et al. 2015) . Moreover, single crowns supported by short implants yielded similar technical and biological complication rates compared to long implants (Schneider et al. 2012) .
The type of prosthetic restoration possibly influencing survival has not been assessed for short implants supported reconstructions. Porcelain fused to metal reconstructions has mostly been advocated in several studies (e.g. Rossi et al. 2010 Rossi et al. , 2015 Rossi et al. , 2016 Romeo et al. 2014) . A systematic review analyzed studies reporting clinical data on fiber-reinforced resin-bonded fixed dental prosthesis on teeth (van Heumen et al. 2009 ). Different types of framework designs were included reaching a survival rate 73.4% at 4.5 years.
The use of glass fiber-reinforced resin composite for FRCRBFDPs supported by short implants has not been studied as yet. Hence, the aim of this study was to evaluate prospectively the clinical and radiographic outcomes after 5 years of loading of two-or three-unit FRCRBFDPs supported by two short (6 mm) implants with a moderately rough surface (SLActive) for the rehabilitation of posterior edentulous regions.
Material and methods
The study protocol was submitted to and approved by the Ethical committee "Interaziendale Bologna-Imola e Ferrara," protocol number 13070. The guidelines provided by STROBE checklist were followed.
All treatments (surgery and prosthesis rehabilitation) were performed by a single practitioner (F.R.) during a period between October 2006 and July 2007.
Patient selection and recruitment
Accurate explanations were provided to the patients about the aims of the study, methods and materials used, possible complications and duration of the treatment. Written informed consent was obtained from all participants.
The following inclusion criteria were adopted for patient recruitment: (i) ≥18 years of age; (ii) good general health; (iii) presence of one edentulous area in the posterior segments of the maxilla or mandible with sufficient bone volume to insert two implants of 6 mm length without using bone augmentation procedures; (iv) presence of teeth in the opposite arch to allow functional load.
The following exclusion criteria were applied as follows: (i) insufficient bone volume; (ii) previous implant and/or graft placement at the surgical site; and (iii) pregnancy.
Smokers were also included in the study. However, patients were informed that smoking is associated with a greater risk for implant failure compared non-smoking habits (Bain et al. 2002) .
Basic examination
Extra-and intra-oral examinations were performed before the enrollment in the study. The presence of periodontal disease, caries and bone availability at the implant sites were assessed. All problems related to oral diseases were solved before implant installation. The following parameters were recorded and subsequently analyzed: (i) full mouth plaque scores (O'Leary 1972); (ii) full mouth bleeding on probing (BoP, Lang et al. 1986) ; and (iii) number of periodontal pockets in the full dentition, categorized as PPD = 4-5, 6-8 and ≥9 mm.
Standardized intraoral radiographs were obtained using individually fabricated film holders that were preserved throughout the study period and used at every radiographic check.
Surgical procedures and records
After local anesthesia, flaps were elevated and recipient sites prepared.
The surgical preparation of the recipient sites was performed using a surgical stent to achieve a correct position of each implant. The distance between the implant shoulder and the bone crest margin was recorded as well as the insertion torque values using a torque control device for ratchet (Institute Straumann AG, Basel, Switzerland) . Efforts were made to place the coronal end of the rough surface of the implant at the level of the alveolar bone. Three categories of insertion torque values were defined as: ≤15, 15<x<35 and ≥35 Ncm.
Moreover, subjective evaluation of the bone type (Lekholm & Zarb 1985) during implant site preparation and RFA (Resonance Frequency Analysis) values assessment after implant insertion, using the Osstell â Mentor device (Osstell AB, G€ oteborg, Sweden), were performed. After implant installation, a healing abutment was positioned on the head of each implant, and the flaps were repositioned and sutured to allow a non-submerged healing. Amoxicillin (Amoxicillina â , Merck Pharma, Milan, Italy) 1 g. twice a day for 5 days, Ibuprofen (Brufen â , Abbott S.R.L., Latina, Italy) 600 mg as needed, and chlorhexidine (0.2%) mouthwashes twice a day for 2 weeks were prescribed.
Post-operative follow-up was performed after 1 week to remove sutures, and after 2 and 4 weeks, to record any surgery related complications (infection, pain and adverse events). In addition, after 6 weeks of healing, RFA values were obtained again.
Restorative treatment
No removable prosthesis was allowed during the healing phase of 8 weeks. After 8 weeks, a Synocta â abutment for screw-fixed prosthesis was tightened to 35 Ncm at each implant, and the sites were restored with a screwretained two-or three-unit fixed dental prosthesis (FDP) made of glass fiber-reinforced resin composite that was maintained in situ for the entire study period. When the missing teeth were three, the FDP could include either a pontic or a cantilever. All restorations were checked for adequate occlusal contact and framework fit using a pressure spot indicator paste and radiographically.
Follow-up protocol
Follow-up visits were performed after 6 months from prosthesis delivery and every year thereafter up to the 5-year observation. At each visit, the occlusal contacts at the FRCRBFDPs were checked and corrected if necessary.
Clinical and radiographic performances during follow-up
Professional prophylaxis was performed at any recall visit. At any annual visit, plaque scores, bleeding on probing (BoP) percentages and probing depth (Lang et al. 1986 ) using a UNC 15 Periodontal Probe (Hu-Friedy, Chicago, IL, USA) at all implant sites were assessed.
An initial intra-oral radiograph was taken using paralleling technique (Rinn technique) (Fig. 1a) . Afterward, standardized intra-oral radiographs, using individually fabricated film holders, were obtained at prosthesis delivering (baseline) and at 1, 2, 3, 4 and 5 years follow-up (Fig. 1b,c) .
Radiographic measurements
Measurements on radiographs were performed using a magnifying gradient index lens (Scale Lupe 910 , SPI Supplies, West Chester, PA, USA). Bone loss around the implants was assessed at mesial and distal aspects, from the implant shoulder (IS) to the most coronal contact of the bone to the implant surface. A mean value was obtained mesially and distally for each implant. Prosthesis delivery was considered as baseline. Bone loss was calculated by deducting the baseline value of the IS to alveolar crest value from each subsequent IS to alveolar crest contact. Only the remaining implants after 5 years were included in the analyses. As the primary variable was a continuous parameter (bone loss in mm), 20 x-rays were read twice. An interclass correlation coefficient was determined and yielded a high reproducibility (ICC 0.75).
Data analysis
All variables evaluated at different periods were included in the analyses. The primary outcome variable was marginal peri-implant bone level changes. Differences regarding radiographic bone level changes at the various follow-up examinations and RFA values were analyzed using Wilcoxon rank test both at a patient and at implant levels. The level of significance was set at a = 0.05. Data from the clinical evaluations were considered as descriptors; mean values and standard deviations (SD) were also calculated.
Results
Twenty consecutive patients were recruited and treated, 13 females and 7 males, with a mean age of 55 years. All patients required a mandibular or maxillary rehabilitation in the posterior segments to substitute two to three missing teeth.
Seven patients were smokers of 10-15 cigarettes/day; none was affected by bruxism.
Forty implants with a moderately rough surface (Standard Plus, neck 1.8 mm high, SLActive â , Institute Straumann AG, Basel, Switzerland) were installed, 29 with a diameter of 4.1 mm regular neck, and 11 with a diameter of 4.8 mm, wide neck. Fourteen implants were placed in the maxilla and 26 in the mandible. Bone morphology was classified according to Lekholm & Zarb (1985) . Nine sites presented with a configurations Type 1, 20 with a Type 2, 10 with a Type 3 and 1 with a Type 4.
The mean value of the insertion torques evaluated for each implant during the surgical phases was ≤15 Ncm for 14 implants, 15<x<35 Ncm for 11 implants and ≥35 Ncm for 15 implants. RFA mean values at implant insertion yielded a mean ISQ of 66.8 AE 9.9 (range 39 -83) and, at the 6 weeks evaluation, of 74.3 AE 7.6 (range 55 -86). The increase in ISQ values were highly statistically significant (P<0.01) both at implant and patient levels.
All prosthetic rehabilitations were made of glass fiber-reinforced resin composite. Six patients of 20 received a three-unit bridge with a central pontic, two of which were the end abutment. Two patients received a threeunit bridge with a cantilever, one mesial and one distal. Twelve patients had two-unit bridges, four of which were end abutments.
The clinical parameters recorded at the time of recruitment remained stable during the whole period of evaluation in terms of plaque indices, bleeding on probing (BoP) and probing depth, and only minimal signs of inflammation were seen around some of the implants (Table 1) .
Two patients lost two implants each both in the maxilla, between the second and the third year follow-up in Type 2 or Type 3 bone ( Table 2 ). The loss of implants occurred without previous signs of infection or bone loss that could be identified during the previous visits. Both patients called the clinic to inform that the fixed rehabilitation in the upper jaw suddenly began to be mobile, and the visit revealed that the cause of the loss was related to a loss of integration of the implants. No further implants were lost during the 5-year follow-up. Hence, at the 5-year follow-up, the survival rate of implants and bridges was 90.0%.
Moreover, four patients presented with prosthetic complications that required chairside work. All bridges presented a delamination of the superficial composite layer that could be repaired. However, it was decided not to repair these bridges but to fabricate new bridges made of metal-ceramic and being screw-retained (Table 3) . Hence, the total success rate (absence of any complications) was 70% after 5 years of follow-up.
The bone loss between prosthesis delivery and subsequent periods of observation is reported in Table 1 . At prosthesis delivery, the mean bone level (IS-alveolar crest contact) was 2.1 AE 0.5 mm. The highest bone resorption was seen during the first year of load (0.2 AE 0.2 mm). After 5 years, the mean bone level was 2.5 AE 0.5 with a mean bone loss from prosthesis delivery of 0.3 AE 0.4 mm. All differences between prosthesis delivery and any of the following periods were statistically significant, at both implant and patient levels. Considering the following periods of observation, the differences between a period and the subsequent were statistically significant with the exclusion of the periods between 2-and 3-year and 3-and 4-year observations at the implant level. No statistical significant differences were found, instead, at the patient level between adjacent periods. Additionally, when the four implants loss was excluded from the (a) (b) (c) Fig. 1 . Radiographic views of the clinical case in Fig. 1 (a) before implant installation, 3 month after tooth extraction; (b) at the time of prosthesis delivering; (c) and at the 5-year follow-up. The mean bone level variation between prosthesis delivery and the 5-year follow-up for each implant is reported in Figure 2 . The four implant loss was excluded from this graph. The implants that in the graph presented the highest bone loss belong to the same patient. The loss was related to the deeper placement of the implants at installation (1.0 mm of depth) so that the final level of the bone was 2.4-2.5 mm at the 5-year observation, and no signs of inflammation were found.
Discussion
The present study reports results of a 5-year period follow-up of two-three-unit
FRCRBFDPs supported by two short implants placed in the posterior region of the jaws. Four implants supporting two FRCRBFDPs in the maxilla in two patients were lost between the years 2 and 3. No sign of inflammation or relevant bone loss (≤0.2 mm) was detected after the first year at the implants involved in the failure at the visits that precede the period of loss, neither bruxism nor other habits accounting for this loss. Moreover, the patients complained about a sudden mobility of the bridge. In light of the absence of peri-implant disease, this symptomatology may be indicative of a fracture of the supporting bone, as previously reported (Sanz et al. 1991; Isidor 1996; Rossi et al. 2015) . The bony structures of the maxillae that presented with a loss of two implants corresponded to a Type 2 or Type 3 bone (Lekholm & Zarb 1985) . Although the occlusal contacts were checked at every visit in the present study, occlusal overload cannot completely be excluded as a possible cause of failure.
In a previous RCT study (Romeo et al. 2014) , two-three units FPDs supported by either 6-or 10-mm-long implants were used to reconstruct the posterior regions of 24 patients after 8 weeks of healing. One implant loss was registered before loading and none after 5 years of load. Another RCT reported outcomes of single crowns supported by either 6-or 10-mm-long implants, installed in 60 patients (Rossi et al. 2015) . Four failures for the short implants occurred, one before loading, two between the 2nd and the 3rd years and one during the 4th year. Three of these implants loss was in the maxilla. Only one implant in the maxilla was lost in the 10-mm-long implant group in the first year of function. After 5 years of function, a survival rate of 86.7% and 96.7% was obtained for 6 mm and 10-mm-long implants, respectively. In agreement with ten Bruggenkate et al. (1998) , this would suggest that short implants have a higher risk to be lost in the maxilla compared to the mandible. The results of the present study support this notion.
In a systematic review (Srinivasan et al. 2014 ), a total of 690 implants, 6 mm long, were evaluated from 12 reports. Twenty-five implants were lost, most of which (76%) before loading. In the maxilla, the failure rate was 5.3% and in the mandible 1.4%. Again, this indicated that short implants are at higher risk for implant early failures especially in the maxilla.
A recent systematic review evaluated the outcomes of studies that compared short (<8 mm) vs. standard implants (Lemos et al. 2016) . Failures corresponding to 3.87% and 2.72% were reported, respectively. It was concluded that "clinicians should be aware that implants <8 mm long may present greater risk of failures."
The present study provided evidence in the same direction that, in the maxilla, short implants presented a higher risk for implant loss, while in the mandible the risk for implant loss may not be higher than for standard length implants. In the present study, at the prosthesis delivery, the mean coronal bone level was located 2.1 mm from the implant shoulder. After 1 year, a mean loss of 0.2 mm was observed. Subsequently, a minimal bone loss was registered at the 5-year follow-up. This is in agreement with another case series study that reported the highest bone resorption during the first year (Gholami et al. 2014 ) Similar outcomes of the present study were seen in a previously described RCT on FRCRBFDPs (Romeo et al. 2014) . A marginal bone loss of 0.4 mm was reported after 5-year follow-up. In another RCT on single crowns, previously discussed (Rossi et al. 2015) , the marginal bone loss after 5 years of load was 0.1 mm at the 6 mm long and 0.2 mm at the 10-mm-long implants, respectively. This, in turn, would indicate that the bone loss after implant placement was minimal also during the first year of function and practically absent thereafter irrespective of the length of implants (Lemos et al. 2016) .
From a clinical point of view, the implants that survived the 5-year observation period in the present study were stable, and the bone loss was minimal.
However, looking at the prosthetic aspects of the present study, the glass fiber-reinforced resin composite FRCRBFDPs did not fulfill the expectations for reconstructions with high longevity. It is evident that glass fiberreinforced resin composite FRCRBFDPs represent only temporary rather than definitive reconstructions, as over 20% of them were found to be fractured. Even though such structures have been studied in vitro (e.g. Garc ıa Barbero et al. 2015; Maruo et al. 2015) and yielded increased mechanical properties when glass fibers were added to the resin composite, the framework of resin bridges does not seem to be adequate for supporting fixed bridgework long term.
A systematic review analyzed studies reporting clinical data on FRCRBFDPs (van Heumen et al. 2009 ). Different types of framework designs were included with a follow-up range of 0.9-5.7 years. The calculated survival rate was 73.4% (range 69.4-77.4%) at 4.5 years. The most frequent technical complication reported was the fracture of the structure or delamination of the composite.
It was concluded that such prosthetic reconstruction may offer an improved esthetics, a better retention to the tooth, a lower wear of the dentition of the opposite jaw and a lower cost.
In conclusion, the survival of short implants was 90% owing to two bridges losses in the maxilla. However, the success rate of FRCRBFDPs over 5 years was only at 70%.
